In this study, cyclic triaxial tests were carried out with the coarse granular materials used in Korean railway infrastructure (reinforced trackbed, gravel of transition zone, upper subgrade of railway) and Young's modulus for the target materials in small strain level were suggested. And the result of elastic modulus suggested in this study is expected to be effectively applied to dynamic analysis of the railway embankment structure using similar material, since the grain size distributions and unit weight of the material tested in this study are specified in Korean Railway Design Criteria.
Introduction
Railway system is one of the important and fast transport systems. To achieve the optimized performance of railway track, it is necessary to better understand the performance of each component of tracks. In recent years, particularly, high speed rail is the transport infrastructure which has attracted industry's attention worldwide. High speed rail, however, might give rise to a catastrophic disaster by minor differential settlement which used to be neglected in conventional railway or road system, since the train runs at 300 km/h or faster. So, more attention or concern is needed.
Settlement in the railway earthwork may occur in the foundation ground or embankment structure (reinforced trackbed, upper subgrade, lower subgrade, gravel of transition zone and so on), but most of settlement usually occurs in the foundation ground. For this reason, the study on settlement of foundation ground has been carried out widely and the countermeasures have been diversely developed and incorporated into the design and construction.
On the other hand, embankment structure contains large coarse granular materials, which have different geotechnical characteristics from the common soil particles. The coarse granular materials refer to soil or rock containing sand, gravel or rock particles sized 0.075 mm to 300 mm, which are mostly the frictional rock particles without viscosity. Such coarse granular materials have been increasingly used in large infrastructures such as fill dam, levees, road embankment structure and backfill. Despite of such expansion in use, however, experimental study for evaluating dynamic properties and application of these coarse granular materials has not been performed in Korea.
Since early pioneering studies on coarse granular materials presented in the 1960s and 1970s (Marsal, Uemoto et al. 2011) . However, most notable previous studies concentrated on investigating the stress-strain relationship at failure, especially in terms of peak friction angle.
Domestically, such large test equipments were absolutely insufficient. For such reason, the experimental study on dynamic properties for large coarse granular materials at small strain level still stays at the beginning.
With previous research, large triaxial testing system which would be able to conduct the element test of coarse granu-lar material was built and verified, in order to better understand the behavior of coarse granular material. And the evaluation study on test methods was carried out. As a result of these studies, the reliability of dynamic property test system and method for coarse granular material could be obtained (Lee et al., 2011) . In this study, we intended to propose the elastic modulus results of the materials such as reinforced trackbed, gravel of transition zone and upper subgrade of Korean Railway Design Criteria, as a reference in applying to design and construction of similar material. To that end, cyclic triaxial test using the large triaxial testing equipment was carried out and Young's modulus by strain level were proposed, and the change of Young's modulus by the type of material was discussed as well.
Large Triaxial Test
Triaxial test equipment used in this study is the test device constucted and operated by Korea Railroad Research Institute (Fig. 1) . The loadcell of triaxial test equipment was designed to be operated up to 2 MPa. And the loadcell is located in triaxial cell to control the load accurately by eliminating the effect by friction between triaxial cell and rod. It was also designed to accommodate both the compression and extension test in order to perform various patterns of load control.
Displacement measurement is possibly carried out internally and externally. But external measurement might produce a value larger than actual displacement due to surface smoothness at both ends which tends to cause bedding error and exaggerate the strain. Such bedding error would possibly be removed considerably at early stage by repeated loading, or the error factors could be eliminated by plastering at the end. (Kweon, 1999 ) However, such a process might be difficult in the test with large specimen. Thus, local strain measurement approach was adopted for more precise measurement in small strain level. To that end, Local Deformation Transducer(LDT) was attached to the side of the specimen in the cell to measure the small displacement (Fig. 2) . The test was conducted in accordance with JGS 0542-2000. Under the confining pressure for the test, the cyclic loading is applied to the specimen. The loading level was gradually increased to create the strain from 0.000001 to 0.01. At each stage, cyclic axial load with certain amplitude was imposed, then the load and displacement were measured. At each load stage, it is imposed in sign wave 11 times (Fig 3(a) ).
Study on Young's Modulus of Geomaterials used in Korean Railway Infrastructures
Simple amplitude of deviator stress and axial strain were calculated using the load and displacement measured from sine wave at every cycle, and Equivalent elastic modulus(Young's modulus) was determined from stress-strain curve (Fig. 3(b) , Lee at al. 2011 Lee at al. , 2012 ).
Test Materials and Results

Material for reinforced trackbed
To evaluate elastic modulus at small strain level of reinforced trackbed materials(sub-ballast, graded crushed stone), the specimens were prepared with grain size distribution and specimen conditions as shown in Table 1 and Fig. 4 .
The result of cyclic triaxial test for reinforced trackbed materials is shown in Fig 5. The tests were carried out with the specimen which was prepared according to the requirements in Railway Design Criteria in terms of grain size distribution, compaction and unit weight, which is expected to provide the useful reference in applying the dynamic properties under similar conditions later. And as indicated in test result, no significant difference in elastic modulus by strain level was found from the specimen within the upper or lower limit. Then when it comes to the specimen, GCS-1(M-100), which has relatively larger grain size than others, they showed significantly larger elastic modulus, which was believed to be attributable to the fact, as claimed by Kwon(1999) and preceding study (Lee et al., 2012 ) that the specimen with oversized grains which deliver the stress directly had greater elastic modulus.
As seen in specimen conditions in Table 1 , SB-2-1 and SB-2-4 had same grain size distribution and unit weight but different water content. More specifically, compacted water content of SB-2-4 was 9% and SB-2-1 had 7%. The test results of two specimens under confining pressure of 100 kPa, 200 kPa and 300 kPa are indicated in Fig. 5(b) and Fig. 5(c) . Elastic modulus was at similar level at strain 0.001. But at the lower strain, SB-2-1 with lower water content indicated higher elastic modulus than SB-2-4.
Gravel of transition zone
Next, the general gravel and cement gravel used for the transition zone between abutment and embankment at high speed railway was evaluated. Grain size distribution of the gravel for transition zone according to railway design criteria is shown in Fig 6. The specimen of cement gravel was prepared by adding 3% cement with same grain size.
The test result is indicated in Fig. 7 (confining pressure 100 kPa) is compared as follows. Elastic modulus of cementtreated gravel was about 700 MPa at axial strain 0.001 while general gravel indicated 350 MPa. As expected, cementtreated gravel showed significantly larger elastic modulus. The test of general gravel was carried out under the similar conditions as the material for reinforced trackbed of high speed rail in terms of maximum grain size, unit weight and compacted water content. In case of the material for reinforced trackbed with similar grain size at same conditions (restraint pressure 100 kPa, strain 0.0001), elastic modulus was 200~250 MPa. As indicated in test result, absolute  57  value of elastic modulus of transition zone gravel by strain level was relatively greater, which was attributable to the characteristic of grain size distribution or the percentage of larger grains. General gravel of transition zone, as compared to the material for reinforced trackbed, had more large-sized grains and less fine particle content. So oversized grains contained in gravel might have significant effect on elastic modulus. Accordingly, it is necessary to consider that elastic modulus at small strain level might depend on maximum grain size and fine particle content even at the similar grain size distribution curve, when estimating and applying dynamic properties of coarse aggregate. Furthermore, basic properties of the material also had effect on elastic modulus. In this study, the strength of the particles was evaluated through the point load test of the materials(ASTM D5731-08 Standard Test Method for Determination of the Point Load Strength Index of Rock and Application to Rock Strength Classifications) As a result, unconfined compressive strength of the gravel of transition zone was 152.7-176.5 MPa which was greater than the material for reinforced trackbed 101.3-153.3 MPa as indicated in Table 3 . Eventually, it is expected that the higher particle strength of transition zone gravel contributed to the greater elastic modulus of the specimen.
Upper subgrade of high speed railway
Finally, dynamic properties for upper subgrade of high speed railway were evaluated. The maximum particle size of materials used for the test was 26 mm and the grain size and test conditions are indicated in Fig. 8 and Table 3 . Dynamic properties under the condition of grain size distribution and compaction are shown in Fig 9. But the grain size of upper subgrade may vary significantly depending on site conditions. Thus test result in this study could be rationally applied to the site with similar conditions.
Conclusion
In this study, cyclic triaxial tests were carried out with the materials used for Korean railway infrastructure (reinforced trackbed, gravel of transition zone, upper subgrade of railway). And Young's modulus of those materials at small strain level was suggested with the following conclusion:
1) The specimens for the test were prepared according to design criteria in terms of unit weight and grain size distribution, and hence the elastic modulus data produced in this study would possibly be applied to dynamic analysis of geotechnical infrastructure with similar materials.
2) According to the test result from the specimen with same material, the specimen, GCS-1(M-100) with larger grain size indicated greater elastic modulus than other specimens,
3) This result was expected to be attributable to the fact that the specimen with oversized grains which deliver the stress directly had greater elastic modulus. 4) Test results under confining pressure 100 kPa are compared as follows. Cement-treated gravel indicated the elastic modulus 700 MPa at strain 0.0001, while general gravel indicated 350 MPa. When it comes to the material for reinforced trackbed with similar size grains, 200-250 MPa was measured under same conditions(confining pressure 100 kPa, strain 0.0001) 5) In case of general gravel for transition zone, comparing to reinforced trackbed material, it has more large-size grains with less percentage of fine particle content. Thus as aforementioned, direct contact between oversized particles might have great effect on elastic modulus, which means elastic modulus is heavily dependent on percentage of large-size grains at small strain level.
6) On the other hand, unconfined compressive strength of the gravel of transition zone was 152.7-176.5 MPa which was greater than the reinforced trackbed material of 101.3-153.3 MPa. Eventually, it is expected that the larger particle strength of transition zone gravel contributed to the greater elastic modulus of the specimen.
